I\/Iars Rovers Past, Présent and
Future
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» Rover past Sojourner, 193?
-+ Rovers present: 2003 Mars

Exploration Rovers
- New rover technologies at Ame

e~

+ Rovers future: 2007 HFSSI
beyond
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— Most Earth like planet L

— May once have had/still have Ilqufd Water and
_thuslife

M ay be poss Ible to colonize

NASA’s Mars Exploration Strategy v
“Follow the water

Water is key because almost ever f here we find water on

Earth, wefind life.
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Communl catlons t| me deI ay 7
Narrow communications bandwi dtfta’ >

.'.-/’j
f

Extreme temperatures
Rough, rocky terrain
No global positioning. %{, =
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SOJ ourner Rovi}»_[}.{

-Ef..,
13cm (~5in) Wheel

diameter

Rocker-bogey chassis
__Top speed: .6m/min
22 m2 solar panel

providing peak-of. 16W
With batteries, peak
available power of 30W
Normal driving pdwer
requirement is 10W =)
80C85 CPU, at 100Kips =
176K of PROM and 576K of RAM -
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. Nawgatlonal

— front VIeWm@ stereo pair of
cameras® 7

— laser strlpl ng system

— gyro =

7%
v

— corrections mad__. psing Iander '

~ Aﬁjpha Proton X-Ray -
Spectrometer (APXS)
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L aunched on December 4, 1996

7-month cruise to Mars with 4f}irq ectory-
correction maneuvers

+ Landed at 9:57 am. PDT on July 4, 1997

— Bounced at feast 15 timesup to 12 m- ;.;f;""*gh

Sojourner driven down the rafﬂﬁ?cm sol 2

Primary mission: 850Is,,},
Total mission: 83 SO|S ,,f
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lights

S

100m around the Iander
 Pathfinder returned over 16,000 Ian@@r"rmages and
550 rover images e e

SOJ ourner performed 16 chemlcal anél yses of
rocks and 90|I ha
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#2003 Mars Exploration:

S
S
TR

e Size e
10 met.eresﬁrgh -_
— 153 kr:['ograms
B ©  Mobil 'ty
 _ Topspeed: 5cmis(. 1. mph)
— Capable of 100 mldé

- D,eﬁdfander
f—ef’ Communication via orbiter
ff and direct-to-earth (DTE)

”f_lfetl me

—_Primary mission: 90 sols
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oy ast-mountedlngfuments aiib

e Pancam o
— Provnd&hﬁg’hspatlal
resol i on on the -
morphology of the landing
site
e Mini-Therma Emjﬁcn

Spectrometer (M;ml -TES)
= Obtaln mmj“'

@6?1’ S surroundl ng the rover

f_ Capable of detecting
/"J silicates, carbonates,
sulfates, phosphates, oxides,
_and hydroxides
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Arm mounted In,-.,."'_',’ruments

. Rock AbraSI on TooI

(RAF)ﬂ
= ﬁemove surface dust
and weathering

» Microscopic lmager
e ;

Lt
'{-,?
!

; f’ ectrometer
;,! _ Determine the
7 properties of iron
‘ bearing materials
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328 yd




- Navigati onal In

M ast- mounted NavCam

Front and Rear HazCam

_ SunCam

' “Sun sensor used to determine global bearmg
(no compasses on Mars!) /

Inertial I\/Ieasurement Unlt (I MUT

= ’I/f
/
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'NASA

w7 " Athena” Rover (2003)’ Prototypes

‘ Slze (13/7 So;ourner)
— 1.6 meters hlgh (K9
camﬁa) s
e Instruments

anal Ogues -:,-':—;.*.'

F o Usedforﬂe%‘testm@
““  anddevefopment at
JPE(FIDO, Rocky8),

Am&s (K9).
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Prototype ef I\/I ars

. "" ""'tr-

rovey =5 =
Low [ pbwer electronlcs

Subsystems can be,ﬁ

powered on/of;
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K9 Instrumer

ﬂ'

‘e

2w
° ngh reSOI Ut|on ?
color cameras .

e Near-Infrared
SpeCIrOmeter

MicroscoPe .
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. 5’;" - ;
NASA

= On-board SCI ence Unéerstandl ng "}

* Enablesthe robot to make decnsmns based
on scientific criteria gV

“'.f‘r ;

SCI ence understanding modulesf

—«Rock detection
— Layer detection
— Carbonate detector
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- Conditional Plan. f{j_’-ecutl on

CRL - Conti ngentRover Language
CX — Conditiona Executive

FHexible, condition-based execution
____— temporal conditions (absolute, relative)
~— Yesource conditions

— statebased conditions
— condltlons.en any node (high- or low-level)

Hierarchical structure
— task: executable action
— block: sequence of nodes
— branch: choice point
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e Visually tracksa
 targetand drivesto it
: -,.f_gfib“c_)es‘not_requi re and
“&pdsition information,
only needs to know

camera parameters
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Stereo pi pel | ne USES rover stereo |mages to
create terrain model's s

Viz gives scientists a better uﬁderstandl ng
oz r_-of context and scale

Provides measuring tools and markers
Valuabletool for science plannin /SI ng:

simulator, VirtualRobot .~

1,-"__..'
s
Wl

Can run command sequefices through the
simulator to verlfy corref:tness |
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V| PER

5
.-" . ¥ -
.‘.‘*-

Virtval Robot

CRL Plan

Kinematic Simulator
(VirtualRobot)

Conditional Executive
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_ Deploy aroverinaMars analog;ﬂefreld site

— Science team in mission control not told
Iocatron

_ Given only data returned by the rover team
must characterize the site e 4 :

e Test and demonstrate autenemy
technologies and operatr@n scenarios

7,
e Tran scl ence team members
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Field Testing {€o

i
4
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. nght welght, small packagefor Iauneh
wheels expand onlanding = i,,,.
| arge wheelsadlow the re}zéi‘ to go right

over large obstacles aneif’ihe travel at higher
speeds, ~1m/s (2.2 mph

%
i
AN
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Blologlcally-
| nspn’ed robotics

Excatnt mobility
In rocky terram

Small, ligh “weight

Could be carried by
;a |arger robot i




Human Expl¢ '__]._}j_ﬁnon

_-?-‘.—

a’
e Robots will act as aides for humans exral ori ng

other planets | e
 Rover roles

__for exploration
wr'th humans:

— Scouts-- __
— Pack mules -

— Rescuers.
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